ABSTRACT Strategies for identifying urban youth with asthma have not been described for high school settings. African-American high school students are rarely included in asthma studies, despite a high risk of asthma mortality when compared to other age and race groups. Identification and follow-up of children with uncontrolled respiratory symptoms are necessary to reduce the burden of asthma morbidity and mortality, especially in underserved areas. We describe a process used to identify high school students who could benefit from intervention based on self-report of asthma and/or respiratory symptoms, and the costs associated with symptom-identification. Letters announcing a survey were mailed to parents of 9th-11th graders by an authorized vendor managing student data for the school district. Scan sheets with student identifiers were distributed to English teachers at participating schools who administered the survey during a scheduled class. Forms were completed by 5,967 of the 7,446 students assigned an English class (80% response). Although prevalence of lifetime asthma was 15.8%, about 11% of students met program criteria for enrollment through report of an asthma diagnosis and recent symptoms, medication use, or health care utilization. Another 9.2% met criteria by reported symptoms only. Cost of symptom-identification was $5.23/student or $32.29/program-eligible student. There is a need for school-based asthma programs targeting urban adolescents, and program initiation will likely require identification of students with uncontrolled symptoms. The approach described was successfully implemented with a relatively high response rate. Itemized expenses are presented to facilitate modifications to reduce costs. This information may benefit providers, researchers, or administrators targeting similar populations.
INTRODUCTION
Despite the debate on the necessity and feasibility of screening for asthma in schools, there is a general consensus that the process of identifying and following-up children with uncontrolled respiratory symptoms deserves attention. 1 This is especially true for youth in underserved communities and is crucial to the reduction of racial disparities in asthma-related morbidity and mortality. 2 The process of Bsymptom-identification^is used to identify persons with symptoms of asthma, usually through the use of surveys. This process differs from case-detection, which is the identification of symptomatic students with no diagnosis. In symptom-identification, students with and without a diagnosis are targeted. Symptom-identification does not use existing data (e.g., school health records), and so differs from case-identification, which is the identification of students with asthma using existing information (e.g., school records). Finally, symptom-identification differs from screening, which is the identification of apparently well individuals without symptoms but who have pre-clinical disease. 3 In contrast, symptom-identification is used to find students with asthma symptoms who would be eligible for subsequent referral and/or intervention, e.g., enrollment in a research program or an existing school-based asthma program.
Various symptom-identification methods for asthma have been described for elementary and middle schools, but few papers discuss methods for identifying youth with asthma symptoms in the high school setting. [4] [5] [6] [7] Urban adolescents aged 15-18 years are rarely included in asthma studies, although asthma-related mortality for this group is high relative to other age and race groups. 8 Symptomidentification could be a key step in the process of understanding barriers to effective treatment and management of asthma in urban high school students.
We describe a symptom-identification protocol used to identify urban adolescents reporting respiratory symptoms and attending high school in Detroit. The purpose for symptom-identification was to identify symptomatic students who would be eligible for enrollment in a school-based asthma management program designed specifically for urban teens. This report focuses on the implementation and cost of the symptom-identification process used.
MATERIALS AND METHODS
Study methods were approved by the Henry Ford Health System (HFHS) Institutional Review Board and the Detroit Public Schools (DPS) Office of Research, Evaluation, and Assessment. This project was conducted in collaboration with a DPS vendor, Computer Management Technologies (CMT), authorized to handle data processing and analysis of student records.
Caregivers of all 9th-11th graders of six Detroit public high schools were notified by mail of a respiratory health survey (Lung Health Survey) to be administered during a regularly scheduled English class in October of 2003. The notification letter was signed by the principal of the participating school. Caregivers could refuse to have their student participate by signing and returning the letter to the school. To maintain student confidentiality, mailings were conducted by CMT.
CMT developed scannable answer sheets corresponding to an asthma survey developed by HFHS. The asthma survey used items from nationally recognized instruments, and requested information on asthma diagnosis and the occurrence of respiratory symptoms. Students were also asked about health care utilization for symptoms, indicators of asthma severity, and indicators of asthma control (e.g., number of inhaler refills, number of days medication was needed for symptoms, and nights awakened due to symptoms). 9, 10 The scannable answer sheets were pre-slugged (pre-printed) with student identification number, sex, race, date of birth and English class, and were distributed to all identified English teachers of the participating schools. English teachers were asked to administer the survey to all students during a regularly scheduled class within the next 2 weeks. Teachers were asked to return completed answer sheets to a designated contact person at each school who then forwarded the sheets to a central DPS location. CMT destroyed any answer sheets inadvertently completed by a student whose guardian had indicated refusal. English teachers and designated school contacts were given token compensation for their efforts.
As the purpose of this procedure was to identify symptomatic students eligible for enrolling in a school-based asthma management program, and there is currently no consensus on a standard definition for asthma, the criteria for eligibility were developed using national resources, including the National Asthma Education and Prevention Program Expert Panel II Guidelines for the Diagnosis and Treatment of Asthma (Expert Panel II), 9 the Council of State and Territorial Epidemiologists (CSTE) recommended case-definition of asthma for use in surveillance, 11 and the International Study of Asthma and Allergy in Children (ISAAC) survey. 12 Students were classified as lifetime asthma, current asthma, symptoms-only, or non-asthma ( Figure 1 ). Further classification by asthma severity was accomplished by again referring to Expert Panel II guidelines. As done in previous studies, investigators interpreted and assigned numeric values when terms such as Bfrequent^and Bcontinualŵ ere used in the Expert Panel II criteria. [4] [5] [6] 13 All students meeting criteria for current asthma or symptoms-only were invited to enroll in the school-based asthma management program. Information and invitations were mailed by CMT or distributed by school personnel. Student names and identifiers were not revealed to HFHS until parental consent was obtained. 
Statistics
Confidence intervals for proportions were calculated using the asymptotic Gaussian method. 14 When comparing current asthma or symptoms-only to non-asthma, a Student_s t-test was used to compare means for continuous variables and a Chi Square test was used for comparisons involving categorical variables.
14 All calculations were performed using SAS 9.1 TS Level 1M2, Windows Version 5.2.3790.
RESULTS
Six Detroit public high schools participated. Three of the participating schools had a school health clinic staffed by a school nurse. A total of 10,451 students in grades 9-11 were recorded as enrolled in the six participating schools, of which 7,446 students (71.2%) were assigned to an English class in October, 2003 (Figure 2) . Less than 0.1% of parents refused to have their student participate. Forms for 5,967 students (80% of 7,446 or 57% of 10,451) were returned for 143 of 153 English teachers (93%). Of the ten non-participating teachers, eight were specialists in alternative curricula (special education), and accounted for an estimated 334 (22.6%) of the 1,479 unreturned forms ( Figure 2 ).
Of the students assigned to an English class and completing a survey, 98.6% were African-American, and 52% qualified for federal school lunch programs. To obtain some idea of potential differences, students assigned an English class were compared to those unassigned, using 2005 data (2003 data unavailable at the time of this analysis). Unassigned students were more likely to be male (63% male, unassigned vs. 52% male, assigned), older (16.4 years, unassigned vs. 15.4 years, assigned), of lower SES (median household income/person for unassigned = $11,188 vs. 12,163 for assigned) and were more likely to be non-African American (3.7% non-African Americans, unassigned vs. 1.4% non-African American, assigned). The majority of the non-African Americans were assigned to the category BWhite, non-
Students assigned an English Class n=7446
Form not completed n=1479
Reported asthma diagnosis (lifetime asthma) n=945
Reported no asthma diagnosis n=5022
Fulfilled criteria for current asthma n=655
Did not fulfill criteria for current asthma n=290
Fulfilled criteria for symptoms-only n=550
Did not fulfill symptom criteria (Non-asthma) n=4472
Students not assigned an English class* n=3005 Notification letter mailed to parents of 9-11 th graders of 6 high schools n=10451
Scan forms with preprinted student info distributed to all English teachers
Completed form scanned and eligibility criteria applied n=5967 Hispanic^according to school records. All comparisons of assigned vs. unassigned students were statistically significant at p G 0.001. The percentage (95% confidence interval) of students classified as lifetime asthma, current asthma, and symptoms-only was 15.8% (14.9-16.8), 11.0% (10.2-11.8), and 9.2% (8.5-9.9), respectively ( Figure 2 ). Among those with current asthma, the percentage of students reporting an episode or attack of wheeze within the last year was 60.1% (56.4-63.9), or 394/655. There were no statistical differences for estimates of students meeting criteria for lifetime, current asthma, or symptoms-only across schools or between schools that had school nurses and those that did not (data not shown).
Results of the symptom-identification process appear in Table 1 . Data are based on student answers to the Lung Health Survey. Students meeting criteria for current asthma (diagnosed) reported more adverse outcomes, in terms of school absenteeism, health care utilization, asthma control, and asthma severity when compared to symptoms-only students (Table 1) .
Cost estimates were provided by CMT and reflect direct costs of providing the services outlined in Table 2 . Teachers estimated about 15-20 min of class time was needed to administer the survey. 
DISCUSSION
Our main objective was to provide information useful to researchers or school administrators considering asthma programs requiring the identification of high school students with uncontrolled symptoms. Using a denominator of all English students, a high response rate was achieved, the per-student cost was relatively low, and student confidentiality was maintained. English is a yearly curriculum requirement in DPS high schools, and targeting English classes resulted in capturing the majority of students. Using this denominator, students missed would include those using elective classes to fulfill English requirements and students who were yet unassigned at the time of the survey. Reasons for being unassigned in early fall include scheduling delays/ changes, change of residence/school transfer, truancy, and routine record-keeping errors. Results suggest that asthma risk factors, such as low socioeconomic status, may be distributed differently among unassigned students. The efficiency of using English assignment as a denominator may be maximized by conducting the symptom-identification later in the school term when more students are likely to be assigned, and will also depend on curriculum requirements and the accuracy of scheduling for the school under study.
Our response rate is similar to the 83% student response rate reported in the CDC publication on self-reported asthma among US high school students using the 2003 Youth Risk Behavior Survey (YRBS). 7 Using students that completed the survey as the denominator, the CDC was unable to provide a description of nonresponders, and similarly, data was unavailable in this study for a comparison of assigned English students who completed a survey vs. those who did not. An estimated 23% of non-responders in the present study may have been special education. The remaining non-respondents may have been absent on the day of the survey. One national report showed high school absenteeism to range from 18-21%. 7, 15, 16 Comparison across studies is difficult due to the lack of standardization for casedefinitions of asthma and the lack of published information on asthma in urban, high school students. Table 3 is a summary of studies in similar populations 6, [17] [18] [19] [20] . The definition and prevalence of lifetime asthma reported in this study (BHas a doctor ever told you that you have asthma?^) are both similar to that of the studies listed in Table 3 , with the exception of the CDC report. 7 The CDC definition of current asthma (a yes answer to BHas a doctor or nurse ever told you that you have you have asthma?^and a yes or no answer to BHave you had an episode of asthma in the past 12 months?^) is less stringent than the criteria used in the present study (Figure 1 ). Although present study criteria were adopted to minimize enrollment of false positives in the subsequent asthma program, the resulting prevalence of current asthma is still similar to those shown in Table 3 .
The CDC 2003 YRBS did not collect further information on asthma morbidity or symptom frequency for high school students, as the intent was surveillance, but again, our results are similar to previous studies conducted among adolescents. 7 Fagan et al., 2001, reported asthma morbidity for high school students, but only 6.1% of the study population was African-American. 20 Our results support a need for asthma programs that target urban adolescents.
The estimated costs include services that could be eliminated or combined to reduce expenses. For example, costs for mass mailing may be reduced by including the parental notification letter in material already being sent to students_ homes. Costs of symptom-identification must include the class time needed to administer the survey. Misclassification of students with possible asthma (symptoms-only) is a potential limitation of our study. The survey items selected correspond directly to those used in national and international surveys to identify persons with possible asthma, e.g., ISAAC, but this continues to be a major challenge for asthma epidemiologists. Moreover, the circumstances surrounding a report of symptoms without an accompanying diagnosis are unclear. For example, in the current study, 12% of students without a diagnosis reported use of an inhaler, and 9% reported 2 or more refills in the past year.
U.S. readiness for case-detection has been debated, however, there is a consensus in the medical and public health community that persons reporting uncontrolled symptoms should receive medical attention. 1 At least two studies have shown positive outcomes after intervening with symptomatic students without a diagnosis of asthma, one of which also states that 30% of these children reported a physician diagnosis at follow-up. Given that some proportion of students reporting symptoms will not receive a diagnosis of asthma, it is unclear if case-detection is a cost-effective undertaking. To be effective, costs of case-detection and identification would need to be offset by a savings in the direct and indirect costs associated with asthma care. As such, most experts do not recommend case-detection for schools that do not have a system of follow-up and referral in place.
Students with uncontrolled respiratory symptoms are the most likely to benefit from school-based asthma management programs, if appropriate follow-up is available. The level of information described in this paper would be difficult to obtain from school health records alone. These results may be helpful to investigators, schools, and other groups designing school-based asthma programs.
